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Introduction
Long-term mortality after the successful treatment of Hodgkin's lymphoma (HL) is higher than in the general population, especially on account of cardiac events. The risk factors of cardiovascular complications are: irradiation of the chest field, high dose of radiation (> 30 Gy), anthracycline therapy, exposure at young age, and time after initial treatment. Such patients might suffer from early coronary disease, myocardial infarction, valvular disease, conduction abnormalities, arrhythmias and sudden cardiac death. Radiation-induced myocardial injury provokes endothelial dysfunction, microvascular insufficiency, direct myocite toxicity, and fibrosis. Moreover, the anthracycline therapy (especially with high doses of doxorubicin) induces heart fibrosis and cardiomyocyte death [1] [2] [3] . Although this pathogenesis is well proved, there remains insufficient awareness of the problem among cardiologists, oncologists and primary care physicians.
Case presentation
A 30 year-old woman was referred for cardiology consultation to the Department of Cardiology and Internal Diseases of the Military Institute of Medicine due to recurrent chest pain and dyspnea. Roughly 16 months previously, she had undergone successful treatment of HL (chest location) with chemotherapy (doxorubicin, bleomycin, vinblastine, and dacarbazine) and radiotherapy (RT, total 36 Gy). She was a non-smoker, non-obese, and with no family history of coronary artery disease (CAD). After ambulatory consultation by a general practitioner, an oncologist and a cardiologist, it was suspected that there was a psychogenic background to the described symptoms. A 12-lead electrocardiogram (ECG) and echocardiography showed no abnormalities. Laboratory findings displayed hyperlipidemia (total cholesterol of 239 mg/dL, LDL 165 mg/dL, HDL 46 mg/dL, triglycerides 141 mg/dL). Long-term monitoring with a real-time interpretation of ECG revealed ventricu-www.cardiologyjournal.org lar ectopic beats, an episode of nonsustained ventricular tachycardia, and ST depressions and elevations.
The patient was recruited to ambulatory event telemetry, and within a few days reported nocturnal chest pain with transient ST elevation in V3 lead (Fig. 1) . Urgent coronary angiography revealed 70% stenosis in the proximal segment of the left anterior descending artery (LAD), and 40% stenosis in the obtuse marginal branch (OM). Intravascular ultrasound (IVUS) confirmed the presence of eccentric lesions in LAD and OM; the lesion in the LAD was significant based on IVUS criteria ( Fig. 2A) . As assessed by virtual histology (VH), both lesions were mainly fibrotic. The patient was successfully treated with a drug-eluting stent (Taxus Liberte 3.5 × 24 mm) in LAD (Fig. 2B ). Applied pharmacotherapy involved: clopidogrel, acetylsalicylic acid, atorvastatin, verapamil, ramipril, and trimetazidin. At 11 months follow-up, she reported no symptoms.
Discussion
An increased risk of CAD is a well-known longterm complication after mediastinal RT for HL. Symptomatic cardiac disease after RT occurs in about 10% of patients, but many of them develop subclinical histological changes [2, 4] . This becomes an important clinical problem as approximately 50% of HL patients may require RT [5] . The manifestations include not only CAD but also arrhythmia, acute pericarditis, pericardial effusion with or without cardiac tamponade, and constructive pericarditis [6] .
In the reported case, a short period from initial therapy (about 16 months) to the symptomatic CAD is very unlike the lengthy mean latency period that has been reported before [2] . Reinders et al. [1] revealed that the curve of cardiovascular (CV) risk was almost flat until 4-5 years after RT, and increased rapidly after ten years (risk for ischemic cardiac death at 10 years -2.6%, at 25 years -10.2%). In a cohort of 1,271 patients, Strasser et al. [7] observed significantly higher CV risk in patients after RT but not within the first few years. Among 294 patients with HL screened for CV disease by Heidenreich et al. [3] , stress-induced ECG changes were observed in only three of 88 patients 2--10 years after RT. Of these, only one had ostial disease ≥ 50%, and none was of more than one vessel disease. In view of these studies, the rapid progression of atherosclerosis in our case seems indeed to be unique. This might be caused by an accumulation of the risk factors mentioned above (young age, irradiation of the chest field, high dose of radiation, doxorubicin therapy). Although the global risk is highest in patients with typical atherogenic factors (age over 50 years, family history of CAD, hypertension, smoking, obesity, hyperlipidemia or diabetes), patients treated for HL at a younger age are -in comparison with the general population of the same age -at relatively higher risk of cardiac disease than older patients [8] .
The treatment with doxorubicin -reported in this case -can substantially contribute to higher CV risk. Myrehaug et al. [9] reported that treatment with both anthracycline and radiation is associated with a significantly increased risk of cardiac events (RR 2.8). The risk was lower for patients given only mediastinal irradiation (RR 1.9). Aleman et al. [10] also revealed that anthracycline-based chemotherapy increased the risk of heart failure (RR 2.8) and valvular disease (RR 2.1). These specific risk factors of HL therapy should be carefully screened, especially in younger patients.
The coronary lesions in patients with HL have some characteristic features. One of them is the location of atherosclerotic plaques. In the presented case, coronary angiography revealed stenosis in the proximal segments of large coronary arteries, included in the radiation field. The arteries located in the anterior of the chest are more exposed to radiation and are the most frequent location of the stenotic lesions in patients with HL [1, 11] .
Radiation-induced atherosclerosis also has its specific histological manifestation. In this woman, VH revealed mainly fibrotic lesions. The pathogenesis of such injury is complex. The RT induces endothelial damage, perivascular fibrosis and intimal thickening. It provokes smooth muscle cells proliferation, collagen intimal and medial deposits, and an increase in the number of plasma cells with the presence of large fibroblasts [11, 12] . This is the opposite of typical atherosclerotic plaques that are more abundant in lipids and lymphocytes [6] and with a higher risk of rupture. On the other hand, in vitro studies have revealed the prothrombotic effect of radiation connected with higher release of von Willebrand factor that can provoke coronary thrombosis [13] .
The choice of angioplasty with drug-eluting stent implantation was in the presented case based on current guidelines. However, even in multi-vessel coronary disease, percutaneous coronary revascularization is the option of first choice in the management even of complex lesions because the performance of coronary artery bypass grafting can encounter some difficulties. The main potential surgical problem is post-irradiation mediastinal fibrosis. Accelerated atherosclerosis of internal mammary arteries should also be taken into consideration [2, 11, 14] .
Our case makes the argument for early cardiac monitoring of even asymptomatic survivors of HL.
Oncologists and primary care physicians should educate these patients as to the potential latent adverse effects of the therapy, especially CV complications. Screening for CAD by using noninvasive methods such as stress echocardiography, stress radionuclide perfusion imaging, and computed tomography with coronary artery calcium score quantification, is suggested [3, 15] . As a group at risk of premature, and significantly accelerated, atherosclerosis, these patients should be treated comprehensively and carefully monitored for CAD progression. The presented case justifies even earlier CV diagnostics than the five years after RT recommended by Heidenreich et al. [3] .
Conclusions
Cardiovascular complications after radio-and chemotherapy may occur in young survivors of HL.
